The epothilones are a new class of tubulin-polymerizing agents with activity in taxanesensitive and resistant tumor models. We evaluated ixabepilone (BMS-247550) in patients with metastatic hormone-refractory prostate cancer (HRPC).
INTRODUCTION
The microtubules seem to be a relevant therapeutic target in hormone-refractory prostate cancer. [1] [2] [3] Of the antimicrotubule agents, the taxanes have demonstrated single-agent activity in phase II trials. 2, 3 This activity, particularly with docetaxel, led to two randomized phase III trials, both of which demonstrated significant survival improvement for docetaxel-based therapy over mitoxantrone-based therapy. 4, 5 This led to the approval of docetaxel and prednisone by the US Food and Drug Administration as standard first-line therapy in patients with metastatic hormone-refractory prostate cancer.
The benefit of docetaxel, however, is modest, and it has no curative potential.
The epothilones are a new class of nontaxane tubulin polymerization agents obtained by fermentation of the myxobacteria Sorangium cellulosum. The cytotoxic activities of the epothilones have been linked to stabilization of microtubules, resulting in mitotic arrest at the G 2 /M transition. 6, 7 Aza-epothilone B (BMS-247550; ixabepilone) is a semi-synthetic analog of the natural product epothilone B. 8 In preclinical models, BMS-247550 is more active than paclitaxel in paclitaxel-sensitive tumors, and paclitaxelresistant tumor xenografts were also highly susceptible to the antitumor action of BMS-247550. 9 It has a broadspectrum antineoplastic activity as demonstrated against several human cancer xenografts (consisting of eight breast cancers, four non-small-cell lung cancers, four pancreatic cancers, eight ovarian cancers, four prostate cancers, four colon cancers, and one each gastric and squamous cell carcinoma; unpublished data, BMS). Phase I trials of ixabepilone have been conducted for a cremophor-based formulation in a variety of schedules, including one 60-minute infusion every 21 days, a weekly schedule, a daily-times-five every 21 days schedule, and daily-times-three every 21 days schedule. Antitumor responses were seen in patients with melanoma, ovarian cancer, non-small-cell lung cancer, and breast cancer, many previously treated with paclitaxel or docetaxel-containing regimens. 8 A dosing schedule of 40 mg/m 2 once every 3 weeks as a single agent was recommended and adopted for phase II testing.
The Southwest Oncology Group investigated ixabepilone therapy in patients with chemotherapy-naïve metastatic hormone-refractory prostate cancer.
METHODS

Eligibility Criteria
Eligible patients were required to have a histologic diagnosis of adenocarcinoma of the prostate, metastatic disease, either measurable and/or nonmeasurable, that has progression on androgen deprivation therapy and antiandrogen withdrawal if applicable, as reflected by one or more of the following: progression of measurable or nonmeasurable metastatic disease by radiologic imaging or metastatic disease associated with an increasing prostate-specific antigen level (PSA), defined as at least two consecutive increases in PSA at least 7 days apart documented over a reference value and a minimum PSA of Ն 5 ng/mL. Patients had to have a Zubrod performance status of 0 to 2, continuation of luteinizing hormonereleasing hormone agonists, and discontinuation of all nonsteroidal antiandrogens (flutamide, bicalutamide, or nilutamide) or other hormonal treatment (such as ketoconazole) for at least 28 days before enrollment for flutamide or ketoconazole and at least 42 days before enrollment for bicalutamide or nilutamide. Prior radiation therapy to less than 30% of the bone marrow only was allowed, but prior radiopharmaceuticals or chemotherapy was not allowed. Patients could have had one prior biologic therapy (noncytotoxic). No concomitant chemotherapeutic, biologic response modifiers, radiation therapy, corticosteroid, hormonal concomitant therapy (other than continuing luteinizing hormonereleasing hormone agonist treatment), or unconventional therapy (eg, St John's Wort or PC-SPES or any other herbal remedies taken for the purpose of prostate cancer) were allowed. Patients on bisphosphonates therapy were eligible, provided they have documented progressive disease while on therapy, whereas those not receiving bisphosphonates were not allowed to begin bisphosphonates. Recovery from major infections and/or surgical procedures was required, and in the opinion of the investigator, patients must not have significant active concurrent medical illness precluding protocol treatment. Men of reproductive potential had to agree to use an effective contraceptive method. No other prior malignancy was allowed except for adequately treated basal cell or squamous cell skin cancer, in situ cancer of any site, adequately treated stage I or II cancer from which the patient is currently in complete remission, or any other cancer from which the patient has been disease-free for 5 years. Patients had to consent to providing serum for the correlative studies, but submission of tissue for the correlative studies was optional (tissue was first mandated but because of slow accrual the protocol was amended to make it optional). All patients were informed of the investigational nature of this study and signed a written informed consent in accordance with institutional and federal guidelines. The protocol was approved annually by the institutional review board for each treating institution.
Baseline Radiologic and Laboratory Assessments
A computed tomography scan of the abdomen and pelvis and a bone scan were required at baseline. Radiologic assessments for measurable disease were done within 28 days before registration. Bone scans were performed within 42 days before registration.
Baseline laboratory tests included PSA, testosterone, CBC with differential and platelets, creatinine or calculated creatinine clearance, AST or ALT, and bilirubin. Patients had to have an absolute granulocyte count of Ն 1,500/L, a platelet count of Ն 100,000/L, a serum bilirubin less than or equal to the institutional upper limit of normal, AST or ALT Յ 2.5 ϫ institutional upper limit of normal, and serum creatinine Յ 2.0 mg/dL or calculated creatinine clearance of Ն 40 mL/min. All laboratory tests had to be obtained within 7 days before registration.
Treatment Plan
All patients were premedicated 1 hour before ixabepilone with diphenhydramine 50 mg orally and H2 blocker to prevent hypersensitivity (either ranitidine 150 mg administered orally or famotidine 40 mg administered orally or nizatidine 150 mg administered orally). Ixabepilone was administered at 40 mg/m 2 intravenously over 3 hours every 21 days. Prespecified dose reductions were as follows: Ϫ1 dose level was 32 mg/m 2 and the Ϫ2 dose level was 25 mg/m 2 . Corticosteroids were not used unless needed for the acute management of grade 3 or 4 hypersensitivity reaction. Patients were evaluated clinically and by laboratory tests before each course of therapy and interim CBC, differential, and platelets were done at day 14. Patients were otherwise evaluated in between courses of therapy as clinically indicated.
Dose Reductions
Dose was reduced for absolute granulocyte count less than 500/L and/or platelet count of less than 50,000/L. Granulocyte colony-stimulating factor was allowed at the discretion of the treating physician.
Therapy was delayed for general nonhematologic toxicities (excluding nausea, vomiting, and hypersensitivity) that were grade 3 or higher until recovery to grade Յ 1, and dose was reduced by one dose level. Dose reduction was required to Ϫ1 dose level for grade 2 neurotoxicity. Therapy was held for grade 3 or higher neurotoxicity and restarted at Ϫ1 dose level after recovery to Յ grade 2. No more than two dose reductions were allowed. Patients who required dose reductions beyond the Ϫ2 dose level were removed from protocol treatment.
Duration of Therapy, Monitoring and Response Assessment
In the absence of unacceptable toxicity or progression, patients were to receive a minimum of two cycles. Patients were removed from protocol treatment if progression was documented after two cycles. Otherwise therapy was continued until progression, unacceptable toxicity, patient's choice to withdraw, treatment delay for more than 3 weeks from planned date of therapy, or two cycles beyond a complete response. All patients were evaluated clinically before each cycle and as medically indicated. The CBC/differential and platelet counts were done on the day of therapy and repeated on day 14, whereas PSA, serum creatinine, and liver tests were repeated before each course on the day of therapy. Positive scans were repeated every 6 weeks (after every two cycles). If a scan was negative at baseline, it was not required to be repeated unless clinically indicated. All patients were followed for a maximum of 3 years after registration.
Response Definition
The PSA response definition was based on the PSA Working Group Consensus Criteria. 10 There was not a defined PSA complete response. PSA partial response was defined as Ն 50% reduction in PSA as compared with baseline levels. A confirmed PSA partial response required two successive evaluations fulfilling the definition of a partial response a minimum of 4 weeks apart and a minimum objective disease response status of stable disease. Patients who did not qualify for a PSA partial response status were considered nonresponders. Inadequate assessment/response unknown occurred when best response for objective disease was inadequate or unknown or when the PSA had been inadequately assessed. These individuals were also assumed to be nonresponders. Objective disease response was defined using Response Evaluation Criteria in Solid Tumors Group. A complete response required the disappearance of all measurable and nonmeasurable disease, including bone lesions. For a partial response, there must have been a 30% or greater decrease under baseline of the sum of longest diameters of all target measurable lesions and no unequivocal progression of nonmeasurable disease.
Progression for the purpose of this study was defined as follows: measurable disease progression was defined as a 20% increase in the sum of longest diameters of target measurable lesions over smallest sum observed using the same techniques as baseline, a 25% increase in PSA over nadir or baseline (whichever is lower) and an absolute minimum increase of 5 ng/mL (which must be confirmed 4 weeks later), unequivocal progression of nonmeasurable disease in the opinion of the treating physician (explanation must be provided), appearance of any new lesion or site, or death from disease without prior documentation of progression and without symptomatic deterioration.
Radiologic response confirmation was required for a best response status, otherwise without a confirmation, response was considered unconfirmed. Progression-free survival was defined from time of registration to time of first documentation of progression, symptomatic deterioration, or death due to any cause.
Statistical Methods
The primary end point was to assess the proportion of patients that had a PSA response to ixabepilone. A response rate of 40% or greater would be of interest, whereas further testing would not be pursued if the PSA response rate was 20% or less, given that toxicity and survival were also supportive. Initially, 25 patients were to be accrued. If five or more responses were observed, an additional 20 patients were to be accrued. This two-stage design had a type II error rate of 5.2% and a power of 91%.
Secondary end points were to assess the overall survival and progression-free survival rate in patients with hormone-refractory prostate cancer treated with ixabepilone and to estimate the objective response rate (confirmed complete and partial response) among those patients with measurable disease. Kaplan-Meier methods were used to estimate the survival and progression-free survival curves.
RESULTS
Between June 15, 2001
, and November 15, 2003, 48 patients were registered to the protocol. Forty-two patients were eligible. Six patients were ineligible for the following reasons: two had no metastatic disease, and four were disqualified because of prestudy laboratory examinations being done outside of the protocol-specified time frame, incomplete baseline disease assessment, or inadequate hormonal withdrawal. Table 1 lists patient characteristics. The median age was 73 years, 98% of the patients had a performance status of 0 to 1, 19% were African-American, 78% had bone involvement with or without soft tissue metastases, 8% had significant bone pain, 88% had objective radiologic disease progression at registration, and 64% had prior radiotherapy either to the prostate or other sites. All patients are off protocol therapy with a median number of courses of four (range, one to 17 courses). Eleven patients required a dose reduction to Ϫ1 dose level, and one patient had a dose reduction to Ϫ2 dose level. There was only one major protocol deviation related to a 2-week delay in starting therapy.
Adverse Events
There were no grade 5 (treatment-related deaths) adverse events, and the only grade 4 toxicities were neutropenia (7%) and leucopenia (2%). The most common grade 3 adverse events were neurologic toxicity (19%), hematologic toxicity (17%), flu-like symptoms (12%), and infection (12%). Therapy was discontinued in 13 patients as a result of toxicity (either patient or physician choice); 10 patients were removed because of peripheral neuropathy and three patients were removed because of fatigue. Table 2 describes in detail the toxicities by type and grade. There was no significant thrombocytopenia or anemia, and the predominant neuropathy observed was sensory neuropathy.
Neurotoxicity
Twenty-five patients experienced some neurotoxicity. The median number of ixabepilone courses received by these patients are as follows: eight patients with a maximum neurotoxicity grade of 3 received a median of six courses, nine patients with a maximum grade of 2 received seven courses, and eight patients with a maximum grade of 1 received a median of four courses. Considering the highest grade neurotoxicity per patient, the median time to onset of grade 2 neuropathy was at a median of three courses (range, one to eight), whereas the median time to onset for grade 3 neuropathy was six courses (range, four to 11). Grade 2 neuropathy decreased to grade 1 in three patients, despite continued therapy. These patients received a total of four, five, and 16 courses each.
Response and Survival
The primary end point for this study was to assess the proportion of patients who had PSA response after receiving ixabepilone. Per protocol requirement, PSA response is determinable only for patients who otherwise had adequate objective disease assessment. PSA response required a minimum of stable or better objective disease status. Fourteen (33%; 95% CI, 20% to 50%) of the 42 patients had a confirmed PSA response. The PSA response was noted starting at a median of 7 weeks after study entry (range, 3 to 15 weeks), and the median time from PSA response to progression was 28 weeks. The majority of patients (72%) with a confirmed PSA response had PSA declines of greater than 80%, and two patients achieved undetectable PSA (Ͻ 0.2 ng/mL). PSA response was considered not determinable in six patients (14%) for lack of adequate objective disease assessment; these patients are counted as nonresponders (two of these six patients had a confirmed PSA partial response).
There were no confirmed objective complete responses among the 20 patients with measurable disease. One patient (5%) had an unconfirmed complete response and two patients (10%) had an unconfirmed partial response. Response durations were 2.5, 4, and 7 months, respectively, for an overall measurable disease response rate of 15%. Eleven patients (55%) had stable disease, two patients had increasing disease (10%), and assessment was inadequate in 20% of patients.
The median follow-up is 25 months. Twenty-seven patients have died. The estimated median progression-free survival is 6 months (95% CI, 4 to 8 months), and the median survival is 18 months (95% CI, 13 to 24).
DISCUSSION
Our study evaluated ixabepilone in chemotherapy-naïve patients with hormone-refractory prostate cancer in a cooperative group setting. The primary end point was to assess this agent's activity as reflected by the proportion of patients who achieved PSA declines of Ն 50%. Fourteen (33%; 95% CI, 20% to 50%) of the 42 patients had a confirmed PSA response. The median progression-free and overall survivals were 6 and 18 months, respectively. There were no treatment-related deaths, and grade 4 toxicities were neutropenia and leucopenia. By comparison with prior Southwest Oncology Group phase II experience in testing single agents or combination therapy in hormonerefractory prostate cancer, this agent clearly has clinically documented antitumor activity.
11,12 Additional efficacy data comes from a parallel multicenter phase II randomized trial that compared ixabepilone alone or in combination with estramustine.
13 Eligible patients were chemotherapynaïve with progressive disease defined as increasing PSA, new or progressive soft tissue metastasis, or bone metastasis. Treatment consisted of ixabepilone at 35 mg/m2 administered intravenously on day 2 with or without estramustine 280 mg orally three times per day on days 1 through 5 every 3 weeks. Low-dose prophylactic warfarin 2 mg per day was administered orally to patients receiving estramustine. There were 45 patients treated in the combination arm and 47 patients in the ixabepilone arm for a total of 92 patients. Objective responses were observed in eight (32%) of 25 patients treated with ixabepilone alone and 11 (48%) of 23 patients in combination arm. A PSA response was observed in 48% of patients on the ixabepilone-alone arm and 69% of Abbreviations: PSA, prostate-specific antigen; RT, radiotherapy.
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Four patients were missing information.
Ixabepilone in Prostate Cancer
www.jco.orgpatients on the combination arm. Time to PSA progression was similar in both arms (141 days in the combination arm compared with 145 days in the ixabepilone-only arm). Differences in efficacy of ixabepilone between these two trials likely stem from differences in patient selection and disease burden. Similar to our study, neutropenia and neuropathy were the main adverse events observed in this study. Lowgrade neuropathy was common, but grade 3 neuropathy occurred in 13% of patients. As described in Table 2 , the majority of the neuropathy is sensory neuropathy. In our study, the onset of grade 3 neuropathy was relatively delayed, occurring at a median of six courses. Interestingly, data from Galsky et al 13 suggest that the neuropathy is reversible, as demonstrated by the improvement in the severity of neuropathy over time. After a median follow-up of 413 days, grade 2 or 3 neuropathy had improved to grade 0 or 1 in 18 (95%) of 19 patients. Several phase I and II studies have been conducted with ixabepilone across different tumor types at a variety of doses and schedules. Most of the results reported to date have come from trials exploring either a once every 21 days or a daily ϫ 5 schedule. With the once every 21 days schedule, there seems to be a relationship between neuropathy and dose such that the dose of ixabepilone studied in some of the initial phase II trials 14, 15 was adjusted down from the original phase I recommended dose of 50 mg/m 2 to 40 mg/m 2 as was done in our study. Although patients treated with 50 mg/m 2 seem to have more neuropathy than those treated with 40 mg/m 2 , the relationship between dose and neuropathy is less clear at this time for doses of Յ 40 mg/m 2 given the limitations of the clinical data. Grade 3 neurotoxicity was not seen in the phase I study with ixabepilone administered daily for 5 days, 16 and in a recent phase II trial with ixabepilone administered daily for 5 days in patients with breast cancer, the grade 3 peripheral sensory neuropathy was only 3%. 17 This seems to be less than that observed in the every 3 weeks schedule. It is not clear whether this favorable profile is related to the schedule of administration or related to a lower total dose than was administered in most of the phase II trials conducted with the every 21 days schedule. This point is illustrated by the preliminary data from a randomized phase II trial of ixabepilone in nonsmall-cell lung cancer, which demonstrated similar safety and efficacy results in patients administered a total dose of 30 mg/m 2 administered over 5 consecutive days as those treated with 32 mg/m 2 administered once every 21 days. 18 It is also important to note that with regard to efficacy, the relationship between antitumor activity and dose and schedule is also not completely understood at this time.
To assess the potential efficacy of this agent and that of mitoxantrone as second-line chemotherapy in patients experiencing treatment failure with taxane-based chemotherapy, a multicenter Cancer Therapy Evaluation Programsponsored randomized phase II trial has recently completed accrual. 19 The primary end point for the trial was secondline PSA response proportion by Consensus Criteria. Updated preliminary data presented on 67 randomly assigned patients at the 2005 Annual Meeting of the American Society of Clinical Oncology indicated 17% and 14% confirmed PSA response rates for the ixabepilone-treated (n ϭ 30) and mitoxantrone-treated patients (n ϭ 37), respectively. These preliminary data suggest that both agents have some antitumor activity in taxane-treated patients. If these data hold in the face of an acceptable toxicity profile, the logical next step would be to definitively evaluate this agent in a phase III trial against mitoxantrone in patients experiencing treatment failure following docetaxel therapy. Although there is no established second-line therapy in this setting, mitoxantrone is a reasonable control arm considering that, in practice, this is the agent that is likely to be used in patients experiencing treatment failure with docetaxel therapy.
In summary, ixabepilone has antitumor activity in patients with chemotherapy-naive hormone-refractory prostate cancer as demonstrated by two multicenter trials. Its level of activity compares favorably with that reported for docetaxel plus prednisone. Although it may be argued that an apparent comparable level of activity is not a justification for a phase III trial in first-line therapy of hormonerefractory prostate cancer, it is our belief that the only way to address the question of whether the epothilones are superior to the taxanes is in a phase III setting.
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